Introduction and objectives: Congenital heart disease (CHD) represents the most common congenital malformation. The objective of this study was to analyse the incidence of CHD in Spain, and it is the first nationwide study so far. Methods: A retrospective observational study was performed in order to evaluate the incidence of CHD in Spain. The administrative database (minimum basic data set) from 2003 to 2012 was analysed in children less than one year old admitted to hospital with codes of CHD (International Classification of Diseases, 9th Revision, clinical modification). Cumulative incidence, incidence relative risk, and standardised incidence ratio were calculated to study geographic variations.
Introduction
Congenital heart defects (CHDs) are the most frequent type of congenital anomalies, 1 with an approximate incidence of 8---10 cases per 1000 live births, which varies significantly between published studies. 2 ---4 Factors contributing to this variability may be the age at diagnosis, differences in the definition of CHDs, the diagnostic methods used and the implementation of routine screening programmes. When it comes to Spain, there are studies published in different periods that used different methodologies, reporting an incidence of 8.96‰ in Navarre, 5 of 5.4‰ to 16 .1‰ in Badajoz, 6 7.5‰ in Asturias 7 and 13.4‰ in Valencia, 8 and none reporting nationwide data.
The aim of our study was to analyse the incidence of the different types of CHDs in infants aged less than 1 year in Spain, their geographical distribution and their evolution over time between 2003 and 2012.
Methods
We conducted a retrospective observational study, collecting data from the nationwide Minimal Basic Dataset (MBDS) population health care register for a period of 10 years (01/01/2003---31/12/2012). We selected hospital discharges in infants aged less than 1 year where the primary diagnosis and/or any of the secondary diagnoses corresponded to any of the codes for CHDs in the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9 CM), which are the following: 745 (bulbus cordis anomalies and anomalies of cardiac septal closure), 746 (other congenital anomalies of heart) or 747 (other congenital anomalies of circulatory system). We excluded medical conditions that could be physiological and anomalies of the circulatory system that did not necessarily involve a CHD, such as patent ductus arteriosus (PDA) in preterm newborns, absent or hypoplastic umbilical artery, single umbilical artery, congenital heart block or unspecified anomalies.
We excluded instances of hospital readmission by comparing the sex, date of birth, health record number and hospital of all the selected discharge reports.
We calculated the number of new cases, taking into account only one episode per patient. Since the ICD-9 CM includes some nonspecific codes that cannot be analysed in isolation, for the purpose of determining the incidence of the main CHDs we aggregated these codes under the umbrella category of ''other'' (codes 745. 7 We classified patients into 3 groups based on the severity of their disease, adapting our data to the classification used by the EUROCAT group 2 (Table 1) . Table 2 lists the 26 ICD-9 CM codes used in the analysis. The reference population we used for calculations of disease incidence was the census of births of the Instituto Nacional de Estadística (National Institute of Statistics, http://www.ine.es/) for each year under study.
In the descriptive study of the patients, we summarised qualitative variables as frequency distributions and compared them by means of the chi square test or the Fisher exact test. We described quantitative variables using the mean and standard deviation and calculated the corresponding 95% confidence intervals (CIs).
We calculated the cumulative incidence as the proportion of new cases of CHD in the first year of life over the total at-risk population at the beginning of the follow-up period.
We calculated incidences for the total population, by autonomous community, by sex and by severity group for the 2003---2012 period. We expressed cumulative incidences in cases per 1000 births (‰), calculating their corresponding confidence intervals.
We compared the annual incidence of CHDs relative to all live births by means of Poisson regression using the 2003 cohort as the reference group. We calculated the annual risk ratios with the corresponding 95% CIs.
We calculated standardised incidence ratios by comparing the number of cases observed in each region with the number expected under the assumption that the incidence was similar to the Spanish mean, as well as their 95% CIs. We used the direct method to standardise rates.
We processed the collected data using MS Access and then exported them to the software SPSS version 17 for subsequent analysis. We calculated the CIs of rates using the software Open Source Epidemiologic Statistics for Public Health (OpenEpi).
Results
In the period under study, a total of 64 831 infants out of a cohort of 4 766 325 live births in Spain received a diagnosis of CHD.
The sex distribution was 53.43% boys and 46.57% girls, and the difference in proportions was statistically significant (P < .001).
The mean age at diagnosis was 36.2 days (standard deviation, 75.3 days), and 68.3% of patients received a diagnosis within 10 days from birth.
The incidence we found using the ICD-9 CM codes was 13.6‰ (95% CI, 13.5---13.7). When we excluded atrial septal defects (ASDs), which was the most frequent CHD in our series, the incidence was reduced to 7.29‰. Fig. 1 shows the evolution of the annual incidence, overall and by sex. Table 2 shows the distribution by type of CHD along with the cumulative incidence. Fig. 2 shows the annual evolution of the incidence of very severe CHDs in the years under study. Table 3 shows the risk ratios (of incidence proportions) of CHD, overall and for severe and very severe defects, for each year under study. Table 4 shows the standardised incidence ratio of severe and very severe CHDs by autonomous community, calculated based on the national mean, that is, the expected value if the risk corresponded to the mean risk for all of Spain.
Discussion
We found a male-to-female ratio of 1.15. The higher incidence in boys is not a consistent finding in the literature, as it has been reported by some authors, 9 while others have described a slightly higher incidence in girls. 3 In our study, the probability of CHD occurring in a male patient was significantly greater. The incidence we found in our study (13.6‰) was noticeably higher than the traditional estimate 10 of 8‰. However, in recent years studies have been published 2,9 that reported incidences of 11‰ and even higher 2 in countries such as Switzerland (13.43‰) or Malta (14.7‰).
In Spain, studies have been published that reported an incidence of 8.96‰ in Navarre for the 1989---1998 period, 5 an incidence of 7.5‰ in Asturias for the 1990---2004 period 7 and an incidence of 13.4‰ for Valencia in 2012. 8 We must compare these results with caution, given the differences in the methodology employed, especially in the studies conducted in Navarre and Asturias. Our study can be compared more safely with the one conducted in Valencia, given the similar time frame and methodology, and both had similar results.
In the period under study, there was an increase in the incidence of mild CHDs, from 6.49‰ in 2003 to 9.93‰ in 2012, with no significant changes in the incidence of severe CHDs (2.34‰ in 2003 and 2.22‰ in 2012) and a clear decline in very severe CHDs (0.52‰ in 2003 and 0.33‰ in 2012) (Fig. 2) , findings that were consistent with the literature. 11 This increase in cases of mild CHDs probably reflects improvements in diagnosis rather than an actual increase in incidence. The widespread use of echocardiography in neonatal units to assess newborns with respiratory problems or nonspecific heart murmurs can lead to the identification of trivial and asymptomatic lesions that frequently resolve spontaneously in the early months of life, resulting in a disproportionate increase in the overall incidence of CHDs on account of these mild forms.
In nearly 70% of the patients in our study, the defects were diagnosed within 10 days from birth, a timeframe when it is possible to detect ASDs, ventricular septal defects (VSDs) or small PDAs that close spontaneously in the early months of life but documented at discharge as cases of CHD, an issue that must be taken into account in data analysis. Using routine echocardiographic screening in a sample of 5190 newborns, Zhao et al. 12 found an incidence of CHD of 26.6‰ that declined to 19.5‰ at 4 months of followup, due in large part to the spontaneous closure of small muscular VSDs. A high rate of spontaneous closure of ASDs has also been reported. 13 The most frequent type of CHD in our study was ASD (33.55%), with an incidence of 6.31‰. Although the reported incidence varies widely between studies in the literature, 14 estimates usually range between 0.3‰ and 4.2‰. Some studies 12 found an incidence similar to the one in our study, although they used routine echocardiographic screening in all newborns. The study by Cavero et al., 8 conducted in the Valencian Community, found an incidence of 5.9‰, slightly lower than the one found in our study.
The diagnosis of ostium secundum type ASD using the ICD-9 CM scheme presents a significant drawback, as the 745.5 code, ''ostium secundum type ASD,'' includes patent foramen ovale and does not differentiate between the two diagnoses. Patent foramen ovale is a very frequent finding in the first weeks of life, and its inclusion in this code results in increases in the overall documented incidence of CHDs and ASD. Methods have been proposed to attempt to correct the vagueness of codes in the ICD-9 CM in the adult population by associating the diagnostic codes with the corresponding codes for surgical procedures or interventions to treat haemodynamic instability. These methods cannot be applied to our study, which was restricted to infants aged less than 12 months that may have been eligible for surgical repair after 1 year of age. Consequently, the ICD-9 CM is of limited value for the estimation of the incidence of CHDs overall and specifically of ASD, but this drawback does not affect other heart defects.
The second most frequent type of heart defect was VSD (18.9%). In our study, its incidence was 3.48‰, while the incidence reported in past large-scale studies ranges between 0.3‰ and 7.7‰.
The ICD-9 CM classification does not allow the subclassification of VSD based on size and uses the same code for large and very small defects, when a large proportion of the latter end up closing spontaneously.
The third most frequent heart defect in our case series was PDA (14.39%), with an incidence of 2.71‰, similar to that reported in previous large-scale studies. 9 The diagnosis of PDA poses some challenges as to when it should be included in the count of CHDs. According to the International Pediatric and Congenital Cardiac Code, 15 PDA should be considered a CHD when it persists past age 3 months. In our study, we may have overestimated the incidence of PDA, as nearly 70% of the patients received their diagnosis in the first 10 days of life.
On the other hand, cases of silent PDA should probably not be included in the calculation of the incidence of CHDs, but neither the ICD-9 CM nor the ICD-10 classification systems allow the distinction between silent and haemodynamically significant PDA.
The fourth most frequent CHD was coarctation of aorta (2.92%) with an incidence of 0.55‰, consistent with the literature, 13 in which reported incidences range between 0.28‰ and 0.64‰.
The fifth leading CHD was pulmonary valve stenosis (2.65%), with an incidence of 0.50‰, close to the value reported in a German study, 3 which estimated it at 0.66‰, and higher than the one reported by the EUROCAT group, 16 which estimated it at 0.24‰ in the 2008---2012 period (http://www.eurocat-network.eu/).
Transposition of great vessels, with an incidence of 0.49‰, was the sixth most frequent heart defect, and within this diagnosis, the most frequent subcategory was complete transposition of great vessels (68.5%), followed by double outlet right ventricle (DORV) (23.9%), and corrected transposition of great vessels (4.6%).
In our study, DORV, with 563 cases, amounted to 0.63% of the total CHDs, with an incidence of 0.12‰. This was similar to the findings of the EUROCAT study for the 2008---2012 period, 16 where the incidence was 0.92‰, corresponding to 271 cases.
The coding of cases of DORV using the ICD-9 CM may be inaccurate in relation to the clinical reality. This disease may present with different phenotypes, but administrative nomenclature forces the classification of all patients with DORV under a single code, precluding differentiation of clinical types.
In our study, tetralogy of Fallot was, in agreement with the historical literature, the most frequent cyanotic heart defect, with an incidence of 0.41‰, higher in comparison to complete transposition of great vessels (0.34‰). The study by de Egbe et al., 9 whose methodology was similar to ours in some aspects, found an incidence of tetralogy of Fallot of 0.28‰.
The incidence of other CHDs such as atrioventricular septal defect (0.45‰), common truncus (0.17‰), pulmonary valve atresia (0.09‰) and total anomalous pulmonary venous connection (0.08‰) was consistent with the literature. 8, 13 Within the category of endocardial cushion defects, the most frequent form in our case series was atrioventricular septal defect (73.8%) followed by ostium primum defect (24.6%).
Hypoplastic left heart syndrome, with an incidence of 0.13‰, was less frequent in comparison with the 0.2‰ incidence reported in the previous literature. 13 The classification of CHDs by severity is useful in incidence studies, as mild lesions are the most frequent type by far and can contribute to the variability in the incidence reported in published studies.
As occurred in our study, several authors have found that the calculated incidence of CHDs depends mainly on the number of cases of mild defects 17 and that the increase over time in the overall incidence of CHDs is mainly due to increases in the frequency of mild defects. 18 In our study, the proportion of very severe CHDs was 3.6%, the proportion of severe CHDs was 20.4% and the proportion of mild CHDs was 75.8%. These findings are similar to those published by Dolk et al. 2 in 2011, who found proportions of 4.4%, 21.5% and 63%, respectively.
When it came to the incidence by severity category in our series, the mean incidence in the 10 years under study was 0.39‰ for very severe defects, 2.19‰ for severe defects and 8.10‰ for mild defects.
We found a significant decline in the incidence of very severe forms of CHDs in the period under study (from 0.52‰ in 2003 to 0.33‰ in 2012), with a 37% decline in the risk ratio of being born with a very severe CHD in year 2012 relative to year 2003 (Table 3 ). We did not find significant differences over time in the group of severe CHDs.
The most severe forms of heart disease are diagnosed prenatally more often than milder forms 19 ; for instance, the diagnosis of single ventricle or hypoplastic left heart syndrome is made prenatally in nearly 90% of cases. 20 Most foetal echocardiography clinical practice guidelines recommend echocardiographic evaluation of the foetal thorax in the second trimester of pregnancy, including a 4chamber view and outflow tract views. The more anomalous the anatomy visualised in the 4-chamber view, the more likely it is that an existing defect will be detected during a routine echocardiogram.
Similarly, lesions such as total anomalous pulmonary venous return, which in some cases may not significantly change the appearance of the anatomy in the 4-chamber view, are more likely to go undetected if this is the only view assessed in the echocardiogram.
In Spain, with the use of the ICD-9 CM system, it is not possible to determine the number of voluntary terminations of pregnancy (VTP) performed due to a foetal cardiac anomaly, as there is no specific code for this event.
In a study conducted in France in 2012, Khoshnood et al. 4 found a relative frequency of VTP of 16.2% in a series of cases of CHDs diagnosed prenatally, so it would be fair to assume that a significant number of VTPs are performed in Spain due to the presence of a cardiac anomaly in the foetus, which would influence the proportion of very severe CHDs.
In our study, in 2012 and compared to 2003, nearly 70% fewer children were born with hypoplastic left heart syndrome, 70% fewer with tricuspid valve atresia and stenosis and 60% fewer with single ventricle. In the first period, there was a 35% decline in births of children with transposition of great vessels and a 14% increase in cases of total anomalous pulmonary venous return.
When we analysed the geographical distribution of severe and very severe heart defects in Spain, we found that it was not homogeneous, with the autonomous communities of Castilla y León and Extremadura having the highest incidence of severe and very severe defects, and the Community of Madrid and Cantabria the lowest.
When we standardised the incidence of each autonomous community based on the national mean, we found that the risk of being born with a severe or very severe CHD in Castilla y León was 1.45 greater compared to the rest of Spain, while in the following autonomous communities the risk was below the expected value: Navarre, Andalusia, Basque Country, Catalonia, Region of Murcia, Valencian Community, Cantabria and the Community of Madrid; in the latter, the risk of being born with a CHD was nearly 20% lower. We did not find any studies in the literature that had analysed these data at the national level with which we could compare our results.
When it comes to the limitations of our study, we ought to highlight that the information contained in the MBDS is drawn from clinical reports, which means that there is variability based on the level of detail of the authoring physician, the skills of the subsequent coder, and the correct entry of administrative variables.
The level of precision of the ICD-9 CM in describing CHDs may pose challenges, and the document authored by the Technical Unit on the ICD-9 CM and published by the Ministry of Health in 2008 can guide the coding of congenital heart defects. 21 There are further limitations associated with the characteristics of the study and the database used. Thus, any cases diagnosed in clinics that did not result in hospital admission have been lost, as were any cases diagnosed after 1 year of age, although all of these would correspond to mild heart defects that do not require admission for diagnosis or treatment and that are not detected at birth.
In addition, some private hospitals do not submit the MBDS to the Ministry of Health.
We did not include cases of intrauterine death due to severe heart defects or VTPs due to cardiac malformations. Some ICD-9 CM codes were not part of any of the 3 CHD severity categories considered in the study, and therefore were not included in the analysis.
In conclusion, the increase in the diagnosis of mild heart defects has probably been influenced by improvements in diagnostic methods, the widespread use of echocardiography and the very use of the ICD-9 CM coding system, factors that have a lesser effect on the estimation of the incidence of severe and very severe heart defects, whose analysis has greater validity as it is less influenced by external factors. The risk of being born with a CHD is not homogeneous throughout Spain.
